In-Flight Acoustic Emission Research by Carlyle, John M.
Proceedings of the DARPA/AFWAL Review of
Progress in Quantitative NDE, October
1979–January 1981
Interdisciplinary Program for Quantitative Flaw
Definition Annual Reports
9-1981
In-Flight Acoustic Emission Research
John M. Carlyle
United States Department of Defense
Follow this and additional works at: http://lib.dr.iastate.edu/cnde_yellowjackets_1981
Part of the Materials Science and Engineering Commons
This 9. Acoustic Emission and Material Property Measurements is brought to you for free and open access by the Interdisciplinary Program for
Quantitative Flaw Definition Annual Reports at Iowa State University Digital Repository. It has been accepted for inclusion in Proceedings of the
DARPA/AFWAL Review of Progress in Quantitative NDE, October 1979–January 1981 by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Carlyle, John M., "In-Flight Acoustic Emission Research" (1981). Proceedings of the DARPA/AFWAL Review of Progress in Quantitative
NDE, October 1979–January 1981. 41.
http://lib.dr.iastate.edu/cnde_yellowjackets_1981/41
In-Flight Acoustic Emission Research
Abstract
The detection of crack growth in aircraft structures through the use of acoustic emission techniques has been
demonstrated to be feasible in recent years. Numerous problems still remain to be overcome, but a new
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IN-FLIGHT ACOUSTIC EMISSION RESEARCH 
John M. Carlyle 
Naval Air Development Center 
Warminster, Pennsylvania 18974 
ABSTRACT 
The detection of crack growth in aircraft structures through the use of acoustic 
emission techniques has been demonstrated to be feasible in recent years. Numerous 
problems still remain to be overcome, but a new DARPA program will address the most 
critical areas and build a flyable acoustic emission monitor demonstrating the new 
technology. A history of the field and a program overview are given. 
INTRODUCTION 
Stress waves which result when a 
material reacts to decrease 1 ocal ized 
stress concentrations (caused by defects) 
are termed acoustic emissions. With 
suitable electronic instrumentation it 
is possible to locate the source of the 
emissions and to predict the life expec-
tancy of the part which is emitting. 
Acoustic emission monitoring is especial-
ly attractive for large structural appli-
cations (such as nuclear reactor pressure 
vessels and highway bridges) since minute 
inch by inch inspection is not necessary 
in order to locate flaws. Furthermore, 
the sensitivity of the technique often 
permits the existence of a flaw to be 
positively confirmed before it is 
possible to do so using visual microscopy, 
ultrasonic, or electromagnetic non-
destructive inspection. 
Recognizing the potential of acoustic 
emission monitoring, numerous researchers 
have devoted effort in recent years toward 
developing technology that would allow 
aircraft structures to be monitored with 
acoustic emission techniques during flight. 
The rest of this paper will outline those 
projects which resulted in acoustic 
emission data being gathered during flight, 
and will discuss how a present DARPA 
proqram relates to these projects and how 
it is designed to further the development 
of the technology in the field of in-
flight acoustic emission monitoring 
PREVIOUS IN-FLIGHT AE PROJECTS 
C-5A 
In-flight acoustic emission research 
may properly be said to have started with 
the work of C. D. Bailey at Lockheed-
Georgia on a Lockheed C-5A transport from 
1973 to 1975. During this period Bailey 
and his co-workers defined the frequency 
regime that could be utilized for in-
flight acoustic emission monitoring by 
utilizing a specially designed swept 
frequency analyzer that monitored 9 
1 oc at ions on the wing, em penn age, and 
landing gear, all fabricated from 7075-T6. 
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This study resulted in the general con-
clusion that for a 6 dB signal-to-noise 
ratio the AE monitor should operate at a 
frequency no lower than 500 kHz for most 
structural locations [Ref. 1]. They then 
set about determing if crack AE could be 
detected during flight. From the results 
of their noise survey, they concluded that 
it was feasible to build a monitor that 
would detect unstable crack growth. 
Additional studies performed with a 
commercial linear locating device 
operating at 750 kHz were inconclusive 
insofar as detecting stable in-flight 
cracking was concerned. Bailey has 
privately stated that he believed this 
was due to EMI; it could also be due to 
insufficient power supply filtering and 
regulation on the laboratory style 
equipment employed, as well as temperature 
sensitive components in the preamplifiers 
that were used (which caused oscillations 
that were noted in Ref. 1). 
KC-135 
Building on the experiences of 
Bailey e t a 1 , M. E. ~1 i z e 11 and his 
colleagues at Tinker Air Force Base 
designed, in 1976, a custom 32 channel 
narrow-band acou~tic emission system 
operating at 250 kHz to monitor the lower 
center wing panels of a Boeing KC-135 
tanker. These panels. made from 7178-T6, 
are brittle and tend to fracture completely 
under flight loads, producing cracks up 
to 7 inches long. Taking complete advan-
of the fact that only large unstable 
cracking was required to be detected, 
Mizell set the triggering parameters of 
his monitor so that only an AE burst with 
a frequency content of between 200 to 
300 kHz and a duration of at least 576 ~S 
waul d produce an output [Ref. 2]. 
Although these settings (and other aspects 
of the monitor design such as transducer/ 
cable impedance matching transformers and 
transducer temperature compensators) 
rejected EMI arising from the operating 
aircraft and also eliminated benign 
structural acoustic noise and noise 
caused py feedback, the sensitivity of 
the acoustic emission monitor was compromised to 
the point that incremental crack growth of less 
than 5 em was undetectable. Nevertheless, the 
monitor fulfilled its objective of sensing com-
plete panel failure during flight, and it is 
now being installed routinely on Air Force 
KC-l35's. 
CF-100 
In 1978 S. L. McBride of the Royal Military 
College of Canada started a program to detect 
stable crack growth in the forward wing trunnion 
of the North American CF-100 fighter. Departing 
from previous work, McBride utilized a single 
channel system that recorded the acoustic 
emission waveform via a transient recorder between 
the frequency limits of 0.1 to 1.0 MHz. The 
physical situation was advantageous in that the 
7075-T6 port wing trunnion contained R 3 mm long 
crack that was known to grow at an average rate 
of 5 ~m/flying hour. Although it was discov~red 
that amplitude discrimination was not suffic1ent 
to separate structural noise from crack noise, 
McBride was able to successfully use frequency 
spectral data to distinguish crack AE from other 
noises. Based on a comparison with laboratory 
data he reported detecting during flight an 
acoustic emission signal resulting from a crack 
advance which generated l mm2 of new fracture 
surface [Ref. 3]. The disadvantage of this 
program was that the syste~ des~gn required 
processing thousands of no1se s1gnals for every 
genuine acoustic emission crack signal and th~t 
its sensitivity level for stable crack detect1on 
was rather low (a factor of 100 less sensitive 
than laboratory systems at RMC). 
MB 326 
The most recent in-flight acoustic emission 
work was performed by P. H. Hutton and his 
colleagues at Battelle PNL in 1979 on th~ wing 
center section tension member of a Macch1 MB 326 
trainer operated by the Royal Australian Ai~ Force. 
This class of aircraft has a well-character1zed 
history of fatigue cracking originating from two 
specific holes in the 4340 t~nsion mem~er, and 
periodic inspections (~00 fl1ght hour ~ntervals) 
are made with ultrason1c and/or magnet1c rubber 
nondestructive testing techniques to track the 
growth of the cracks. Battelle_desig~e~ a 2 
channel coincidence detector wh1ch ut1l1zed 
especially fabricated 400 kHz r~s~nant trans-. 
ducers and band-limited preampl1f1ers along w1th 
special power supply filtration and r~g~lation 
to monitor a specific bolt hole conta1n1ng 
several cracks having a total surface length a: 
7 mm, the longest of which was 2.3 mm. Analys1s 
of the AE data has indicated that the worst type 
of flight from a cracking stand point (as . 
revealed by AE in this study) is low l~ve~ fly1ng, 
followed by acrobatics - presumably th1s 1~ . 
because of the increased wing flexure and 1mpuls1ve 
loading produced by low level flight conditions 
[Ref. 4]. Crack growth has been_foun~ t~ be 
linear with the number of acoust1c em1ss1ons 
emitted from the bolt hole area (an average of 
0.16 ~m of surface length/AE event) and_benign 
noise such as EMI and structural vibrat1ons have 
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not proved to be a problem, as evidenced by a 
drastic reduction in AE counts (from an average 
of 50/hour to 0/hour) when the accept zone was 
electronically shifted to an area with no bolt 
hole [Ref. 5]. The recognized weakness of this 
program is that there is no protection against 
accepting fastener noise arising from inside the 
accept zone of the monitor. Thus it is con-
ceivable that the conclusions described above are 
fallacious, resulting from the fortuitous 
behavior of the bolt moving in the hole. 
DARPA IN-FLIGHT AE PROGRAM 
Tile conclusions which can be drawn from 
previous in-flight acoustic emission programs are: 
(l) Continuous in-flight acoust~c ~mission 
monitoring is more desirable than per1od1c proof-
load monitoring for detecting sub-critical crack 
growth, as evidenced by the acoustic ~m~ssion data 
gathered during low level fl~ght cond1t1o~s and 
during acrobatic maneuvers w1th the Macch1 MB 326. 
(2) Frequency limits for trig~ering in-
flight monitoring systems must be h1gher than the 
100 kHz range generally used in laboratory env~ron­
ments and care must be taken in the system des1gn 
to guard against EMI and the effects of te~per~ture 
and altitude on the performance of the mon1tor1ng 
system. 
(3) Some form of spatial discrimin?tion must 
be employed to limit the accep~a~ce of s1gn~ls to 
only those arising from a spec1f1c. area ~f 1~terest. 
This allows not only for better no1se reJectlon, 
but also permits the use of a higher sensitivity 
to detect smaller crack growth increments. 
(4) Techniques need to be devel~ped ~o . 
positively distinguish between acoust1c e~15~1ons 
generated by crack processes and those em1sslons 
created near the crack by benign structural 
phenomena such as fastener fretting. 
Recently, a DARPA program has been instituted 
which will address the technology development need 
described in (4) above. The program is planned to 
consist of three phases, the first of which will 
utilize a selected advanced transducer concept 
(such as fiber optics, composite piezoelectric, 
FET EMAT PVF etc) as well as a broad-band con~entio~al PZT transducer to acquire waveform 
data between the limits of 100 kHz and 2.0 MHz 
from fatigue cracks and various noise sour~es 
~ncluding EHI, fretting bolts, and hydra~llc 
systems) in 2024-T85l ~nd 7075-T65~ alum1n~m 
undergoing cyclic load1ng. Follow1ng the 1d~as 
of Doctor Harrington and Hutton, features w1ll be 
extracted 'from the data set and an algorithm 
wi 11 be developed to c l ass ify the wave form as 
either crack AE or noise [Ref. 6). Figure l 
demonstrates one of the concepts which will be 
investigated. Phase 2 will cons~st_of fab~ica~ing 
a prototype airborne acoustic em1ss1~n mon1~or1~g 
system that incorporates these new_s1gnal d1scr1m-
ination concepts, as well as techn1ques pro~en 
effective by previous experimenters. The f1nal 
phase will be composed of a flight test of the 
new monitor. 
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Fig. l Result of a pattern recognition study on 
separating crack AE from noise .. F~ve features 
were used in a least squares dec1s1on rule; the 
success rate was 8g% for the AE and 92% for the 
noise. (After Doctor, etal, Ref 6) 
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SUMMARY DISCUSSION 
William Pardee, Chairman (Rockwell Science Center): Are there questions? 
John Carlyle (Navel Air Development Center): This is one problem when you're talking about the 
reproducible sources of acoustic emission (inaudible), but the pictures of the crack you showed 
were complicated and different. 
John Simmons (NSF): That's right. 
John Carlyle: How would they generate the same (inaudible) 
John Simmons: Simply put: We are not sure. Anyone who has done indentation studies in glass, for 
example, knows that when you take the indenter out, you get crack propagation in all kinds of 
directions that are due to the release of the residual stresses. We cannot say during what 
part of the process these initiative events took place, but we are aware of that fact. We are 
also aware of the fact that a lot of these cracks are turning. Many of them, however, tend to 
have what appears to be a rather constant direction. But the answer really is: we don't know; 
our goal here was to show that, in fact, you could get reproducible acoustic emission events 
from real materials. As with any expriment, you often times get more unanswered questions than 
you produce answers. And that's certainly, in our mind, an important unanswered question. 
Wolfgang Sachse (Cornell University): How do you know the signals do not come from the indenter? 
John Simmons: We tried a number of experiments using different loading apparatuses and different 
indenters, and you can use materials that don't emit, and it's absolutely silent. So we tried 
all of what you would call the standard hygienic practices to make sure that the emissions did 
not come from the indenter. Actually, a much more subtle problem is, in fact, a problem of 
friction, and this is really very similar to John Carlyle's point. If you lay the plate under 
the indenter, the fact that the indenter swings down a lever arm puts a slight horizontal 
component into the force and, remarkably enough, sometimes one block will slip against the 
place where it's resting. You can get signals that look almost identical with standard 
acoustic emission signals. And that's, we find, another very disconcerting point. This is 
easily stopable, once you know it's there, but this ability to distinguish between frictional 
events and actual emission events is an unanswered question. 
Mike Gardos (Hughes): As a lubrication technologist, I am delighted that you have problems where I can 
help you. 
John Simmons: Actually, we use sticky tape to stop it; we don't lubricate. 
Mike Gardos: Yes, close enough. Maybe 100 angstroms of mollysulfide that you can spot on the surface 
would help you. The other thing I would like to mention, I have seen a lot of new indentation 
studies, and I'm wondering why didn't you use something that's a little more symmetrical like 
the Brinnel probe, for example. If you load a ball against a glass plate, depending on the 
load and, of course, the state of the glass, you get the hertzian cone-cracking phenomena, 
which just happens to be a very nice, symmetrical one. If your loads are higher, then you get 
not only the circular cracks, but also the radial ones, which are also very symmetrical.· So I 
am quite curious: why wouldn't you use something which is a little more predictable? 
John Simmons: Because you need the stress concentration at the indentation tip. In fact, a couple of 
days before I left, Roger was making up the slide of these 400 reproducible ones. He came into 
me one evening, and he said, "John, I'm jinxed. I can't get the thing to emit." And we went 
back and we checked every parameter, and we caul dn' t find it. And finally, I 1 ooked at the 
indenter and the indentation - and it had just the tiniest, microcrack near the tip of the 
indenter. And I said, "Roger, I'll bet you because this is very strong steel, you need the 
tremendous stress concentration at the tip in order to do this. Why don't you put a new 
indenter in?" 
Mike Gardos: You were forced to use the nonsymmetrical. 
John Simmons: You need the stress concentration. 
Mike Gardos: But I'm quite serious about the lubricant. If nothing else, spray a little teflon. 
Chris Burger (Iowa State University): John, could you just run through your indentation fatigue? How 
do you do that indentation procedure? You put the load on and take it off? You move the load 
completely? 
John Simmons: 
do. 
take 
in. 
Yes. It's not very sensitive to whether you remove the load completely, but in fact we 
If you look at the apparatus, the thing is jacked up at the end. So essentially, we just 
the indenter up to where it essentially removes all the load, and then we drop it back 
And we keep doing this. And this almost certainly builds up very strong residual stress 
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zones. I believe it's from that strong residual stress zone that the cracks tend to be 
nucleated. 
William Pardee, Chairman: Thank you, John 
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